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arly Timely Management of
ctopically Erupting Maxillary Canines

eter Ngan*, Robert Hornbrook†, and Bryan Weaver‡

Diagnosis and treatment of ectopically erupting permanent maxillary canines require timely
management by the orthodontist. Potentially impacted maxillary canines may be inadver-
tently overlooked in the mixed dentition due to the variations in eruption patterns and
timing. Periodic examination starting at age 8, including clinical intraoral palpation and
selective radiographs, may aid in the early diagnosis of unerupting and potentially impacted
permanent canines. When such a diagnosis is apparent, timely interceptive therapy may
then be instituted. This article reviewed the incidence, etiology, and development of the
maxillary canine. The rationale for early management of potentially impacted maxillary
canine is discussed together with the treatment for labially and palatally impacted canines.
Semin Orthod 11:152–163 © 2005 Elsevier Inc. All rights reserved.
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iagnosis and treatment for ectopically erupting perma-
nent maxillary canines is a clinical problem requiring

riage and coordination of care by the general dentist, pedi-
tric dentist, oral surgeon, periodontists, and the orthodon-
ist. Maxillary canines that are potentially impacted may be
nadvertently overlooked in the mixed dentition patient. This
s due to individual variations in eruption patterns and tim-
ng. Periodic panoramic and selective periapical radiographs
long with a careful clinical examination that includes in-
raoral palpation permits early diagnosis of unerupted, ec-
opic, and potentially impacted permanent canines. When
uch a diagnosis is apparent, timely interceptive therapy may
hen be instituted.

ncidence
seudoanodontia or impacted teeth occurs most frequently
ith mandibular third molars, followed by maxillary canines

nd less frequently by premolars and mandibular canines.1 In
study of 3874 routine full mouth radiographs of patients
ver the age of 20, Dachi and Howell2 found 16.7% had at
east one impacted tooth. The incidence of impacted maxil-
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ary and mandibular third molars were found to be approx-
mately 22% and 18%, respectively. Impacted maxillary ca-
ine was reported to be 0.92% and most of these were found
o be unilateral. The occurrence was two times more frequent
mong females (1.17%) than males (0.51%). The next most
ommonly impacted permanent tooth was the mandibular
remolar (0.4%), followed by the maxillary premolar
0.13%) and the mandibular canine (0.09%). This order is in
ontrast to that reported by Moyers, who stated that the teeth
ost frequently found to be impacted were the mandibular

hird molar, maxillary cuspid, maxillary third molar, man-
ibular and maxillary second bicuspids and the maxillary
entral incisor, in that order.3 Thilander and Myrberg found
hat impacted maxillary canines occur in approximately
.0% of the general population and mandibular canine im-
actions in approximately 0.2%.4 Rohrer reported the inci-
ence of permanent canine impactions to be 20 times higher

n the maxilla than in the mandible.5 Among patients having
axillary canine impactions, palatally displaced canines oc-

ur three times more frequently than those found buc-
ally.4,6,7 Hitchen8 and Rayne9 found that palatal impactions
ccount for 85% and labial impactions 15%.

tiology
anine impactions are believed to occur with a wide variety of

ystemic and local etiologies (Table 1).10 No single etiology has
een shown to explain the occurrence of a majority of impac-
ions or to allow differential explanation of those occurring ei-
her labially or palatally. Environmental factors may contribute

o this anomaly during the long, tortuous eruption path of a
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Ectopically erupted maxillary canines 153
anine. Another possible explanation is that a disturbance asso-
iated with the follicle of the unerupted tooth may influence the
irection of eruption and contribute to the displacement of the
axillary canine.11 Jacoby12 cites clinical observations in which

f 46 maxillary unerupted canines requiring surgical exposure
or orthodontic traction, 40 were palatally placed and 6 were
abial. Of these he states 85% of the palatally impacted canines
ad sufficient space for eruption in the dental arch. He also
tated that it is impossible to imagine that in an arch length
eficiency and maxillary canine will “jump” on the lingual side,
ehind the lateral incisor or the first premolar. The maxillary
anine is surrounded by the nasal cavity, the orbit, and the
nterior wall of the sinus, located in contact with the crowns and
he roots of the lateral incisor, the first premolar, and the decid-
ous canine. Thus, if the maxillary canine is impacted due to
rch length deficiency, it can only be on the labial side because
evelopmentally it is labially posed. Jacoby further suggested
hat the explanation for palatal impaction could be excessive
pace in the canine area.12 This excessive space would allow the
anine to move palatally in the bone and find a place behind the
uds of the other teeth. Miller reported a high incidence of

mpacted canines associated with small, peg-shaped lateral inci-
ors.13 Becker and coworkers suggested that canine impaction
an be explained by the lack of guidance for the roots of the
ateral incisors during the early stages of canine eruption.14 On
he other hand, canine impactions were found to occur in fam-
lies, suggesting a genetic or familial pattern of inheritance. Peck
nd Peck suggested a multifactorial genetic pattern of inheri-
ance for the anomaly.15

evelopment of the Dentition
he relative position of the developing permanent canines can
e seen in the dissected skull of an 8-year-old child (Fig 1A and
). The maxillary canine is shown in its normal eruptive position
uperior to its predecessor, angulated medially with its crown

able 1 Etiologic Factors of Impacted Canines

Genetics
Local

Environmental
Systemic

Environmental

eredity Prolonged retention
of primary teeth

Endocrine
deficiency

alposed tooth
germ

Reduced root
length of adjacent
lateral incisor

Febrile diseases

hortened arch
length

Ankylosis of
permanent canine

lveolar cleft Degree of dental
crowding and
spacing

Failure of primary
canine root to
resorb

Small or
congenitally
missing lateral
incisors
ying distal and slightly buccal to the lateral incisor.16 The canine o
ollows a mesial path until it reaches the distal aspect of the
ateral incisor root. The erupting canine is gradually uprighting
o a more vertical position and is guided by the lateral incisor
oot until it is fully erupted adjacent to the root. If the lateral
ncisors are congenitally missing, the canine may erupt in a

esial direction until it comes into contact with the distal aspect
f the central incisor root and erupts into the lateral incisor
pace.17

Table 2 shows the calcification and eruption table of the max-
llary and mandibular canines according to Brand and Issel-

igure 1 Relative position of the developing maxillary canine in the
issected skull of an 8-year-old child. (A) Lateral view. (B) Anterior
iew (reprinted from Van der Linden PGM: Transition of the Hu-
an Dentition. Monograph #13, Craniofacial Growth Series. Ann
rbor, MI, Center for Human Growth and Development, University

f Michigan,1982; p 80, Fig 5.4C, and p 104, Fig 6.2B).
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154 P. Ngan, R. Hornbrook, and B. Weaver
ard.18 Studies conducted at the Forsyth Dental Infirmary
howed the mean eruption age for the maxillary canine to be
pproximately 1 year earlier in females (10.98 years) than in
ales (11.69 years). Hurme believes the eruption of the maxil-

ary canine may be considered late if it has not appeared by the

Figure 2 (A) Eight-year-old child presenting with spacin
angulation of the maxillary right permanent canine com

able 2 Calcification and Eruption of Maxillary Canines

Maxillary Canines

alcification begins 4 months
namel complete 6-7 years
ruption 11-12 years
oot completed 13-15 years
mesial angulation of the maxillary right permanent canine and
ge of 13.1 in males or by 12.3 in females.19 Leivesley believes
hat maxillary canines can be palpated and viewed, giving a
eneral assessment of the position and angulation of eruption.20

owever, Power and Short stated that because there is often a
oor correlation between chronologic age and dental age, over-
ll dental development should include an understanding that
he permanent teeth are almost three quarters complete before
ruption into the mouth commences.21

iagnosis
iagnosis of permanent canine eruption irregularities begins
ith clinical observations of the patient. The first sign of

e maxillary incisors. (B) Occlusal film showing mesial
ith the left canine. (C) Panoramic radiograph showing
g in th
pare w
distal crown angulation of the lateral incisor.
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Figure 3 (A) Same patient 2 years later showing maxillary right permanent canine has crossed the lateral border of the
lateral incisor. (B) Same patient 2 years later showing improvement of the path of eruption of the maxillary canine after
extraction of the primary canine. (C) Progress periapical radiograph showing small lateral incisor with dilacerated root

may be the etiology of the impacted canine.
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Figure 4 (A) Six-year-old patient with abnormal angulation of the developing maxillary left canine. (B) Same patient 1
year later with no improvement in the path of eruption of the maxillary left canine. (C) Same patient 3 years after

extraction of the maxillary left primary canine to facilitate the eruption of the permanent canine.
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Ectopically erupted maxillary canines 157
ctopic eruption is seeing unerupted permanent canines
hen a patient’s dental development appears average relative

o the chronologic age (Table 2). According to Moss, the
ollowing must be considered during clinical evaluation of
he patient: (1) the amount of space in the arch for the une-
upted canine, (2) the morphology and position of the adja-
ent teeth, (3) the contours of the bone, (4) the mobility of
eeth, and (5) the radiographic assessment to determine the
osition of the canine; its apex, crown, and direction of lon-
itudinal axis.22

The amount of space in the dental arch for an unerupted
anine can be assessed by performing a space analysis with a
ull set of orthodontic records. Space for the unerupted ca-
ine can be gained by expansion of the maxillary arch, pro-
lination of maxillary incisors, or extraction of the permanent
remolars. The morphology and position of the adjacent lat-
ral incisors can provide diagnostic information on the po-
entially impacted canine. Lateral incisors are often peg-
haped or undersized adjacent to impacted maxillary
anines. During normal eruption of the maxillary canine,
axillary lateral incisors will appear to be flared with their

rowns tipped distally. This is a result of the canine pressing
n the lateral incisor root. On visual inspection, the operator
ill usually see a labial bulge to the mucosa superior to the
axillary primary canine. When no such bulge is visible,

ntraoral palpation may provide more definitive localization

igure 5 A 14-year-old patient with delayed eruption of permanent
eeth and bilaterally impacted maxillary canines. (A) Right lateral
iew. (B) Left lateral view.
or the permanent canine. Bony contours often reveal une- f
upted canine positions. When palpation does not provide
ny positive positional information, the operator should take
dditional radiographs to assess the position of the poten-
ially impacted canine. During palpation of the intraoral
tructures, the operator should also assess the mobility of all
he teeth present. Mobile deciduous canines may indicate
ormal resorption of the roots by the permanent successor.
owever, mobility of the permanent lateral incisor may indi-

ate potential root resorption by the impacted canine.
Radiographic analysis should begin with routine periapical

adiographs. A series of such radiographs utilizing Clark’s
echnique of horizontally moving the tube head while main-
aining the film position is useful in determining whether an
nerupted tooth is located to the buccal or to the lingual of
ther teeth in the alveolus.23,24 This is sometimes called the
.L.O.B. technique, an acronym for the Same Lingual–Oppo-
ite Buccal, meaning that the object closest to the film will
ove in the same direction as the tube head. However, in-

raoral radiographic analysis has limitations for certain pa-
ients. Ericson and Kurol, in a longitudinal study of 505
hildren ages 8 to 12, found 41 children with indications of
ossible disturbance of canine eruption after initial clinical
alpation.25 When these patients were followed for 2.5 to 3.0
ears, utilizing periapical and tomographic techniques, they
ound that a difference in palpation between the two sides
as only a strong indicator of abnormal eruption in the chil-
ren over the age of 10 years. The study found many of the
hildren under 10 years of age whose canines initially were
etermined by palpation to be potentially aberrant, actually

ater developed and erupted normally. Early radiographic
xamination was thus determined to be unnecessary and im-
ractical for children under 10 years of age.
Williams, on the other hand, believes that observation of

ntrabony movement of the maxillary permanent canine
hould begin at the dental age of 8 to 10 years.26 He specifi-
ally feels that for Class I malocclusions where permanent
anine bulges are not palpable, even with minimal arch
ength loss, lateral and frontal radiographs should be taken.
e states that a medial tilt of the long axis of the cuspid in

elation to the lateral wall of the nasal cavity on the frontal
adiograph and a position apparently lingual to the anteriors
n the lateral radiograph suggests serious consideration of
he removal of the deciduous canine. Ngan and coworkers,27

oss,22 and Ericson and Kurol28 have demonstrated the use
f occlusal radiographs to detect impacted canines. These
adiographs may be an important supplement to the periapi-
al films especially when treating an uncooperative child, a
hild with very small alveolar development, or one with a
mall oral aperture. Alone, however, this type of radiograph
rovides no information relative to the vertical position of the
nerupted tooth. Panoramic radiography has also been uti-

ized as a diagnostic tool for determination of unerupted
anine positions. Lindauer and coworkers,29 using similar
echniques as the prior studies of Ericson and Kurol,28 at-
empted to identify canine impactions early with panoramic
lms. The study included 46 “early” mixed dentition sub-

ects. Untreated controls selected for chronologic and dental
ge and also for sex were included. Sectors were established

or canine positions relative to the adjacent permanent lateral



i
b
a
s

s
o
p

158 P. Ngan, R. Hornbrook, and B. Weaver
ncisor roots. They reported that 78% of the cases destined to
ecome impacted were identified in sectors II, III, or IV. They
lso stated this demonstrates a sensitivity ratio of 0.78 and

Figure 6 (A) Panoramic radiograph showing inability of
radiograph of the same patient 2 years later after extrac
remained impacted.
pecificity of 0.96. Figure 2 shows an 8-year-old child pre- o
enting with spacing in the maxillary anterior region. The
cclusal film showed mesial angulation of the maxillary right
ermanent canine compared with the left canine. The pan-

nent canines to resorb primary canines. (B) Panoramic
the primary canines. Note that the permanent canines
perma
tion of
ramic radiograph showed mesial angulation of the maxillary
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Ectopically erupted maxillary canines 159
ight permanent canine and distal crown angulation of the
ateral incisors. No treatment was rendered at that time. Two
ears later, the panoramic radiograph showed that the max-
llary right canine has crossed the lateral border of the lateral
ncisor (Fig 3). Extraction of the primary canine was per-
ormed. Two years later, the path of eruption of the maxillary
anine was found to be improved and the periapical radio-
raph showed that the lateral incisor was small and peg
haped with a dilacerated root.

Computer tomography (CT) has become more widely
vailable and is recognized as an important diagnostic tool for
omplex conditions in the oral region.30 CT scan was found
uperior to plain film radiograph in the early detection of root
esorption of the lateral maxillary incisor by the ectopically
rupted permanent canine.31 CT scan is beneficial for com-

Figure 7 Surgical exposure of the impacted canine. (A) A
canine, which was found to be labially impacted. (B) A
impacted left canine. (C) Orthodontic traction was used

igure 8 Posttreatment result showing tissue response to surgically

xposed canines. (A) Right lateral view. (B) Left lateral view.
rehensive evaluation and for treatment planning of im-
acted teeth, especially in the crowded field of the mixed
entition. However, radiation risk from a panoramic or in-
raoral radiograph is lower than from CT scans. Thus, the
adiation risk should be weighed against the diagnosis and
urgical benefits of precise preoperative management of the
mpacted canine. New computer software (Lumen IQ, Inc,
ellingham, WA) is now available to enhance plain film ra-
iographs to be viewed as 3D images (see Fig 9D). Digital 3D
anoramic and cephalometric imaging will soon be available
t an affordable price so that orthodontists can diagnose im-
acted canines with accuracy.

reatment
xtraction of Primary Canines

t is recommended that orthodontists should monitor the
ruption of permanent maxillary canines before age 10. If the
ruption pattern of the permanent canines appears to be des-
ined for impaction, most authors agree that the primary
anine should be extracted.20,24,26,27,32,33 This in fact has been
hown to be effective in up to 91% when the permanent
anine is located distal to the long axis of the lateral incisor,
et only 64% effective when the canine overlaps medially to
he long axis midline of the lateral incisor.34 This further
mphasizes the need for routine examination, palpation, and
adiographs beginning perhaps as early as 8 years of age
ollowed by similar 6-month follow-up observations and
rocedures until the patient is 10 years of age. Figure 4 shows
6-year-old child with abnormal angulation of the develop-

ng maxillary left canine. One year later, the progress pan-
ramic radiograph showed no improvement in the path of
ruption. Extraction of the primary canine was performed.
hree years later, there was significant improvement in the
ath of eruption and the maxillary canine erupted into oc-
lusion without further treatment.

ncovering of Impacted Canines
urgical uncovering of impacted canines has been advocated
or occlusal, functional, and esthetic reasons.35 Timely un-
overing of impacted canine can prevent formation of a
yst,35 periodontal defects,37 and resorption of the adjacent
eeth.36

epositional flap was used to expose the maxillary right
eruption” technique was used to uncover the palatally

ide impacted canine into occlusion.
pical r
“closed
Treating unerupted canines can present problems of devi-
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160 P. Ngan, R. Hornbrook, and B. Weaver
alization, ankylosis, external root resorption, injury to adja-
ent teeth, and the need for reexposure. Additionally, mar-
inal bone loss, gingival recession, and sensitivity problems
an occur. These effects result in prolonged treatment time,
sthetic deformities, and often the loss of teeth. Most of these

roblems can be prevented with proper management of peri- o
dontal tissues and timing of care. The use of electrosurgical
r laser techniques is discouraged for exposure of these teeth.
hese instruments are designed for removal of hard and soft

issues, which may, when contacting the tooth, lead to per-
anent damage of either type of tissue and/or devitalization

igure 9 A 12-year-old with impacted maxillary right ca-
ine. (A) Occlusal view. (B) Lateral cephalometric radio-
raph showing the palatal position of the impacted ca-
ine. (C) Panoramic radiograph showing mesial

nclination of the maxillary right canine and overlapping
f the canine with the lateral incisor. (D) Panoramic ra-
iograph enhanced by computer software (courtesy of
umen IQ, Inc, Bellingham, WA) to show 3D image of the
alatally impacted canine.
F
n
g
n
i
o
d
L

f the tooth. Excision of tissues must be carefully performed
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Ectopically erupted maxillary canines 161
ven by experienced operators. When done incorrectly, the
nerupted tooth may be left with inadequate keratinized
issue.

abial Impaction
here is conclusive evidence that an open eruption approach

hrough nonkeratinized gingival should be avoided.34 An
pically repositioned flap or closed eruption through keratin-
zed gingival tissue is recommended.33 If the tissue is too thin
o be dissected as a partial thickness graft, a free gingival graft

igure 10 (A) Surgical exposure of the impacted canine. (B) Bonding
f eyelet and gold chain to the lingual surface of the impacted
anine. (C) Etching gel and adhesive (SmartBond) used to bond the
yelet and gold chain.
an be performed initially to increase the thickness of kera- m
inized tissue. After approximately 30 to 60 days or complete
ealing of the grafted tissue, the tooth may be exposed,
onded, and have orthodontic traction implemented. Figure
shows a 14-year-old patient with delayed eruption of the

ermanent teeth and bilateral impacted maxillary canines.
he panoramic radiograph showed the inability of the per-
anent canine to resorb the primary canines (Fig 6). Surgical

xposure of the impacted canines was performed. An apical
epositional flap was used to expose the maxillary right ca-
ine, which was found to be labially impacted. A “closed

igure 11 (A) Periapical radiograph showing orthodontic traction to
ove the crown of the maxillary canine away from the root of the

ateral incisor. (B) Occlusal view showing orthodontic traction to

ove impacted canine bucally into occlusion.
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162 P. Ngan, R. Hornbrook, and B. Weaver
ruption” technique was used to uncover the maxillary left
anine, which was found to be palatally impacted (Fig 7).
rthodontic traction was used to guide the impacted canines

nto occlusion (Fig 8).

alatal Impaction
ecause the palate is entirely masticatory mucosa, grafts are
ot necessary. Two basic surgical techniques are widely use.
n a “closed eruption” technique in which the crown is sur-
ically exposed, an attachment is bonded during the expo-
ure and the flap sutured back over the crown, leaving a
wisted ligature wire or a gold chain passing through the
ucosa to apply the orthodontic traction (Figs 9, 10, and

1). A direct bonding of the impacted canine at the time of
urgery may cause soft tissue injury from the acid etching
sed in an open wound. Moreover, bleeding control to avoid
lood and saliva contamination and maintain a dry field may
e difficult for the successful bonding of an orthodontic at-
achment, especially when impaction is deep. We (the au-
hors of the article) have success using the adhesive Smart-
ond to attach the gold eyelet and chain to the exposed tooth
Fig 10C). In addition, the eruption of the impacted tooth
ay be delayed as it must overcome the resistance of a dense

nd thick soft palatal tissue. In the “open window” eruption
echnique, a flap is raised and a minimal amount of bone is
emoved, enough to expose the tip of the impacted crown to
e bonded. The flap is then returned and sutured with a small
window” cut into the flap of the palatal soft tissue, covering
he embedded crown packed with surgical dressing for 1
eek. The orthodontic attachment can be bonded at a later

ime after the removal of the pack. According to Becker and
oworkers, bonding at that time is superior to its perfor-
ance at a later date.38 The use of an eyelet attachment has a

ower failure rate than the use of a conventional bracket.
ecker and coworkers also found that the palatal surface
ffers the poorest bonding surface and that pumicing the
xposed tooth offers no advantage over immediate etching of
he exposed enamel.38

Orthodontic traction on the impacted tooth should be ap-
lied with light forces (20 to 30 g). In most instances, a
ipping movement is all that is necessary to move the crown
oward the dental arch. Since the root tip of the impacted
anine is usually in a good position, mechanics that will allow
rimarily controlled tipping of the clinical crown is recom-
ended. An example will be the use of a “mouse trap” device

o erupt the tooth vertically and bucally toward the dental
rch (Fig 7C). However, if the impacted canine is situated
alatal to the lateral incisor, an attempt should be made to
rst move the canine away from lateral incisor before moving
he impacted tooth toward the dental arch (Fig 11A and B).

onclusions
1. Periodic examination starting at age 8, including in-

traoral palpation to check the space available for the
unerupted permanent canine, the morphology and po-
sition of the adjacent teeth, the contours of the bone,

the mobility of the teeth, and the radiographic assess-
ment to determine the position of the canine can help
in diagnosing potentially impacted maxillary canine
teeth.

2. Early extraction of the maxillary primary canine can
facilitate the eruption of potentially impacted perma-
nent canines.

3. Timely uncovering of impacted canines can prevent
formation of cysts, periodontal defects, and resorption
of the adjacent teeth.
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